The purpose of this study was to select a lactic acid bacterial strain for use as a starter culture for producing fermented meat products and for evaluating the survival ability in the gastrointestinal tract. Five strains of lactic acid bacteria were isolated from funazushi, a traditional fermented fish product in Japan, and their bile and simulated digestive juice tolerances were evaluated to screen their survival in gastrointestinal tracts. Growth in a ground meat patty was evaluated by counting viable cells and measuring pH. Lactobacillus plantarum JAB2001 was capable of growth on 10 % NaCl and exhibited tolerance to bile acids and simulated gastrointestinal juices. After incubation with this strain at 25℃ for 48 h a ground beef patty showed pH values of about 4.8 and lactic acid bacterial counts at the 10 9 level per gram of patty.
Introduction
Lactic acid bacteria (LAB) are used in many fermented foods, particularly in fermented dairy products, such as cheese, buttermilk, and fermented milk. Fuller (1989) was the first to propose the term "probiotic". More recently, its definition has been refined to "Live microorganisms which, when consumed in adequate amounts as part of food, confer a health benefit on the host (FAO/WHO, 2002) ." Probiotic LAB are a representative of live food ingredients that exert a beneficial effect on the host's health.
Recently, attention has been directed at the use of fermented sausages as probiotic food carriers as these products are not heated and harbor high numbers of LAB (Pennacchia et al., 2006; Ammor and Mayo, 2007; Ruiz-Moyano et al., 2008; De Vuyst et al., 2008) . Fermented sausages can be defined as comminuted meat and fat, mixed with salt, nitrate and/or nitrite, sugar and spices, which are stuffed into casings before being subjected to fermentation and then to a drying process (Hugas and Monfort, 1997) . The final products have a low pH value (4.6 − 5.9) and low water activity (< 0.9). These characteristics, which inhibit the growth of pathogenic and spoilage bacteria, contribute to the prolonged shelf-life of these products. Unlike Japan, where fermented meat products are relatively scarce, the production of fermented sausages, such as thuringer, pepperoni, and summer sausages, is widespread in Europe and USA. However, fermented meat products will be accepted by Japanese consumers when the beneficial effects of fermented meat products become known. Several studies on fermented sausages have been reported (Kato et al., 1985 (Kato et al., , 1994a Morioka et al., 1996; Mikami et al., 1998) , and Morita (1997) and Haga (1999) reviewed different fermented meat products. However, the practical knowledge required to produce fermented meat products with probiotic LAB starter cultures is still insufficient.
Using probiotic strains as starter cultures for fermented meat products requires that the probiotic strain be welladapted to the conditions found in fermented meat products. Specifically, in order for the probiotic to become dominant in the final product, the starter culture needs to be well adapted to growing in meat material which has a naturally high numbers of background microbiota. This is in contrast to most dairy products which are heated before inoculation with probiotic cultures. A starter strain is desirable when trying to get bacteria to grow faster than the other microorganisms in a meat patty containing salt and spices.
Since growth in a fermented meat environment is typically strain dependent, screening for potential probiotic microorganisms is important for selecting starter cultures for producing fermented meat products. One obvious possibility into the production of fermented meat products with LAB from funazushi.
Materials and Methods
Bacterial strains LAB strains used in this paper were Lactobacillus casei HM3701, Lactobacillus acidipiscis JAM3706, Lactobacillus farciminis HM2001, Lactobacillus alimentarius EM2001, and Lactobacillus plantarum JAB2001. These five strains were isolated from Japanese traditional fermented sushi, funazushi, and identified by physiological and 16S rDNA analysis in a previous study (Tsuda et al., 2012) . Table 1 shows their physiological characteristics and 16S rRNA sequence data which is available from GenBank/EMBL/DDBJ under the following accession numbers: HM3701: AB689072, JAM3706: AB689073, HM2001: AB689074, EM2001: AB689075, and JAB2001: AB689076.
Escherichia coli NBRC 102203 and Staphylococcus aureus subsp. aureus NBRC 12732 were purchased from NITE Biological Resource Center (Chiba, Japan) and were used as food contaminant indicator strains. LAB strains were incubated in MRS broth (de Man et al., 1960) , and the other strains were incubated in Brain Heart Infusion broth (Difco Laboratories, Detroit, MI). An inoculum of 1 % was used in all tests, and all tests were performed in triplicate.
Salt tolerance LAB were inoculated in MRS broth containing 3, 7, and 10% (w/v) NaCl, respectively. The cultures were incubated at 25℃ for 7 d. The viable cell counts in the cultures were enumerated at day 0, 1, 2, 3, 5, and 7 by plating on plate count agar with bromocresol purple (BCP) (Nissui, Tokyo, Japan).
Bile acid tolerance Assay for bile acid tolerance was performed using a modification of Walker and Gilliland (1993) . Briefly, MRS broth was used as a control and MRS broth supplemented with 0.3% (w/v) oxgall (Difco Laboratories) was used to culture isolates. After inoculation, the media were incubated for 6 h at 37℃ and bacterial numbers were estimated by measuring cultures at an optical density of 600 nm (OD 600 ). Growth rate was calculated using the following formula:
Growth rate (%) = A / B * 100 where A is the OD 600 of the 0.3% oxgall MRS culture and B is the OD 600 of the MRS culture.
Minimum inhibitory concentration (MIC) for oxgall was measured i.e., MRS broth supplemented with oxgall at 0.625, 1.25, 2.5, 5.0, 10, and 20% (w/v) were incubated for 7 d and bacterial growth was estimated at OD 600 .
Tolerance to simulated gastric and intestinal juice Tolerances to simulated gastric and intestinal juices were examined as described by Charteris et al. (1998) . Simulated is the use of bacteria that are commonly associated with the meat environments and that possess the appropriate physiological requirements and health-promoting properties. Such bacteria can be obtained by screening natural sausage isolates and commercial meat starter cultures (De Vuyst, 2008) . Furthermore, several probiotic strains originating from intestinal tracts and fermented dairy products have been screened for use as fermented meat starter cultures, and many of these have been found to be well suited for use as starter cultures for fermented meat products (Sameshima et al., 1998 , Erkkilä et al., 2001 , Pidcock et al., 2002 . However, LAB from fermented fish products have never been screened for use as fermented meat starter cultures, even though fermented meat and fish products have similar characteristics: high salt concentration (2 − 16 %), low pH (< 5.0) and low water activity (< 0.9) (Kubo et al., 2008 , An et al., 2010 .
Fermented fish products called "narezushi" have been produced in Japan for a long time. Narezushi is a general term for cured fermented fish and boiled rice. The fish and rice are usually fermented in barrels, under the pressure of stones, for more than one year. Numerous narezushi, e.g., funazushi, sabanarezushi, and izushi, are produced in Japan, and funazushi is thought to have remained true to the traditional style of preparation (Fujii et al., 2008) . Funazushi is produced around Lake Biwa in Shiga Prefecture. The lactic fermented salt-cured funa (crucian carp, Carassius buergeri grandoculis) and rice (approximately 4 % salinity) have unique sour taste, which is conferred by the LAB which are the main fermentative microorganisms in funazushi. Isobe et al. (2002) and Fujii et al. (2008) reported that the viable cell counts of LAB, aerobic bacteria, and yeast in funazushi were approximately 7, 5, and 3 log cfu/g, respectively.
Funazushi is said to have beneficial health effects, such as curing diarrhea, and the effects are considered to be due to the LAB. Several recent studies concerning the beneficial effect of LAB isolated from funazushi have been reported. Oral administration of Lactobacillus isolated from funazushi decreased the number of fecal enterobacteriaceae and Staphylococcus in rats (Ohshima and Fujii, 1994) , and heatsterilized Lactobacillus paracasei NLB163 isolated from funazushi exhibited a hypocholesterolemic effect in human subjects (Tanaka et al., 2009) . Consequently, funazushi is considered to be a good source of beneficial microorganisms.
We previously isolated Lactobacillus strains from funazushi, and identified these strains based on physiological characteristics and 16S rDNA sequences analysis (Tsuda et al., 2012) . The purpose of this study was to select a potential probiotic LAB strain from traditional fermented sushi products for application to the production of fermented meat products. This study is thus the foundation for basic research Preparation of fermented meat products Meat patty was prepared following the recipe of Nakae et al. (1986) . The meat patty formulation consisted of 72.3% beef shank, 15% porcine backfat, 2.0% common salt, 0.05% NaNO 3 , 0.5% glucose, 0.2% white pepper, 9.0% raw onion, and 1.0 % starter culture. The starter culture was prepared as follows. The LAB strain was incubated in 5 mL MRS at 30℃ for 24 h, and then the culture was centrifuged at 1000 × g for 10 min. The cells were washed with sterile water and suspended in 5 mL sterile water. This suspension was then used as a starter culture. Viable LAB cell counts in the inoculated meat patty were approximately 5 log cfu/g. The approximately 50 g of inoculated meat patty was stuffed into a sterile 50 mL beaker and covered with aluminum foil. The meat patty was fermented at 25℃ and approximately 80% relative humidity for 7 d after inoculation. The 3 g meat patty was then suspended in 30 mL sterile water and the pH of the meat patty suspension was measured. Viable cell counts in the meat patties gastric juice was prepared by the addition of pepsin (3 g/L) to sterile saline solution (0.8 % NaCl w/v) and adjusting the pH to 2.5 and 3.0 with 1 M HCl. Simulated intestinal juice was freshly prepared by suspending pancrelipase USP (Wako Pure Chemical, Osaka, Japan) (1 g/L) in sterile saline (0.8 % w/v) and adjusting the pH to 8.0 with 1M NaOH.
Tolerance to simulated gastric and intestinal juices was determined as follows. LAB cultures (5 mL) were centrifuged (1000 × g, 10 min) and the cells were washed with sterile saline solution (0.8 % NaCl w/v). The cell suspensions were centrifuged again, and the cells were suspended in 5 mL of the simulated gastric juice (pH 2.5 and 3.0) and the simulated intestinal juice (pH8.0), respectively. These simulated gastric and intestinal juices were then incubated at 37℃ and viable cell counts were enumerated using plate count agar with BCP after 0, 1, 2, and 3 h incubation for the gastric juice, and after 0, 1, 3, and 6 h incubation for the intestinal juice.
Selection of LAB for Fermented Meat Starter 
Inhibition of food contaminants The meat patty was inoculated with E. coli NBRC 102203 and S. aureus NBRC 12732 (approximately 3 log cfu/g), and then with the LAB starter culture (approximately 6 log cfu/g). The meat patty was then fermented at 25℃ for 3 d with viable cell counts of LAB and the pH of the meat patty were measured as described above. The viable cell counts of coliform bacteria and S. aureus were enumerated using desoxycholate agar were enumerated using MRS agar plate adjusted pH 5.4 with acetic acid.
Water holding capacity (WHC) of the fermented meat patty was determined as in Nakae et al. (1986) . WHC was calculated using the following equation: 7.5%), Lactobacillus salivarius UCC118 (bovine bile; 5.0%), Bifidobacterium bifidum (oxgall; 2.0%) and Bifidobacterium infantis (oxgall; 2.0%) (Dunne et al., 2001; Margolles et al., 2003) . Compared to these strains, strain JAB2001 had a high bile tolerance.
Tolerance to simulated gastric and intestinal juice Results of the simulated gastric juice tolerance assay are shown in Fig. 2A and 2B . At pH 3.0, cell viability was stable for all strains except for L. acidipiscis JAM3706, the viability of which decreased from 5.8 to 1.3 log cfu/mL. At pH 2.5, only L. plantarum JAB2001 exhibited stable viable cell counts. Viability of L. casei HM3701 and L. farciminis HM2001 decreased more than 1 log cfu/mL, whereas L. acidipiscis JAM3706 and L. alimentarius EM2001 could not survive (Nissui) and mannitol salt agar with egg yolk (Nissui), respectively.
Results and Discussion
Salt tolerance For all strains, growth and cell survival was similar in MRS and MRS supplemented with 3% NaCl. All strains were able to grow in the presence of 7 and 10% NaCl. However, except for L. acidipiscis JAM3706, the growth and survival rates of most strains were affected (Fig.  1) . Strain JAM3706 exhibited the same viable cell counts in 10% NaCl as in MRS broth.
The salt concentrations in meat patties are approximately 2%, but they can reach 15% after drying process (Ammor and Mayo, 2007 ). An ability to grow in 3% NaCl is thus sufficient for starter cultures of fermented meat products. Tolerance of high salt concentrations is required for a probiotic meat starter culture to maintain high cell viability in the final product and ensure the health benefits of the host. All of the tested strains demonstrated an ability to grow in 3% NaCl as well as in MRS broth, and all exhibited growth in the presence of 10% NaCl.
Bile tolerance L. acidipiscis JAM3706, L. alimentarius EM2001, and L. plantarum JAB2001 exhibited growth rates of more than 30% (Table 2 ). MICs for oxgall are shown in Table 2 . MIC for oxgall of L. plantarum JAB2001 was 20% and those of the others ranged between 2.5 to 10%.
Acid and bile tolerance are two qualities that are required by probiotic microorganisms as they need to survive the passage through the gastrointestinal tract. The low pH and activity of pepsin kill microorganisms entering the stomach after ingestion. The bile acids in a small intestine have a detergent-like function, and they are critical to microorganisms, which have cell membranes that are composed of lipids and fatty acids. Bile concentration ranges from 1.5 to 2.0% during the first hour of digestion, before decreasing to around 0.3% (Noriega et al., 2004) .
Some reports of LAB exhibiting gastric juice tolerance have been reported to date i.e., L. casei 161 (MIC for bovine bile; 5.0%), Lactobacillus paracasei 212.3 (bovine bile; Table 2 . Growth rate in MRS broth supplemented with 0.3% oxgall, and MICs (minimum inhibitory concentrations) for oxgall.
Strain
Growth rate ( also a prerequisite for the probiotic culture to exert beneficial effects on the host. In human tests, inoculation with Lactobacillus gasseri SBT2055 (dose: 10 11 cfu/day) resulted in an alteration of intestinal microflora communities; Lactobacillus rhamnosus GG (dose: 10 10 cfu/day) colonized the colonic mucosae, and five Lactobacillus strains (dose: 10 8 cfu/day) reached intestine alive after oral administration (Johansson et al., 1993 , Alander et al., 1999 , Fujiwara et al., 2001 . The nature of probiotic strains, of human hosts, and of carrier food all influence the dose necessary to confer health benefits to the host. Indeed, the highest viable cell counts would certainly be optimal for ensuring health benefits to the host. In the production of fermented meat, L. plantarum JAB2001 was the most acidifying bacterium (pH 4.8 at 2d) and showed the highest cell counts throughout the experimental period. The pH of fermented meat products is usually between 4.6 and 5.1 over the duration of the fermentation period (Ammor and Mayo, 2007) . Consequently, a fermentation period of 2 d would be sufficient to produce a fermented after 2 h exposure. The pH of HCl secreted in the stomach is 0.9, but the presence of food raises the pH value to 3.0. After food ingestion, it takes 2 − 4 h for the stomach to empty (Pennacchia et al., 2004) . Therefore, strain JAB2001 could pass through stomach alive after being ingested together with food products.
As shown in Figure 2C , all strains were capable of growth in simulated intestinal juice, except L. acidipiscis JAM3706. This suggests that, with the exception of this strain, the other four strains could grow in the intestine after encountering the bile acid and low pH conditions encountered after ingestion.
Preparation of fermented meat products The ability to acidify the meat patties was investigated for the five LAB strains. L. farciminis HM2001 and L. alimentarius EM2001 acidified the meat the fastest, followed by L. plantarum JAB2001 (Fig. 3A) . These strains acidified the meat patties to a pH value of 4.6 and 4.8 at 48 h, respectively. Weaker acidification was observed for L. casei HM3701 and L. acidipiscis JAM3706, with values reaching pH 5.1 and 5.0 after 48 h.
High viable cell counts were observed for strain JAB2001 throughout the fermentation period (Fig. 3B) , and the pH values were higher than those observed with strains HM2001 and EM2001. The lowest pH value was observed with strain EM2001, but the viable cell counts were low. The suppression of strain EM2001 growth may have been caused by the acid in the meat patty. Indeed, this strain occurred in low numbers in acid environments (Fig. 2) . The decrease in pH and increase in viable cell counts of LAB noticed in none of the inoculates is believed to be due to growth of endogenous LAB flora.
Colony morphology was the same among all isolates in all of the experiments (data not shown). In experiments with strain JAB2001, the physiological characteristics of randomly selected colonies were consistently identified as strain JAB2001 (data not shown). Longer fermentation periods tended to be associated with other colony morphologies, and this was probably caused by endogenous LAB.
The production of lactic acid from carbohydrates is the major role of LAB in meat fermentation. The acidification contributes to the quality of the final product, i.e., firmness from the coagulation of muscle proteins and typical red color from nitrosomyoglobin produced faster at low pH (Ammor and Mayo, 2007) . However, excessive acid formation is often associated with color defects and sometimes gas formation (Buckenhuskes, 1993) . The production of optimal amounts of lactic acid, allowing a pH below 5.1 to be reached, is considered to be an essential requirement of meat LAB starter cultures (Ammor and Mayo, 2007) .
High viable cell counts at the time of consumption are Inhibition of food contaminants The changes in pH, viable LAB cell counts, coliform bacteria, and S. aureus were examined in meat samples that were inoculated with L. plantarum JAB2001 and in uninoculated samples (Figure 4) . The decrease in pH occurring in the absence of L. plantarum inoculation is considered to be due to the growth of endogenous LAB flora (see Fig. 4A and 4B) . Growth of E. coli and S. aureus was prevented in samples inoculated with strain JAB2001; S. aureus levels remained while numbers of coliform bacteria decreased slightly when co-inoculated with the strain JAB2001 (Fig. 4C and 4D ). These findings indicated that the starter culture would likely inhibit staphylococcal and coliform bacterial growth.
E. coli and S. aureus were used in this study as they are the most common contaminants and pathogens isolated in fermented sausage. Numerous studies have been published meat product if strain JAB2001 was used. WHC of the fermented meat patty produced with strain JAB2001 was 69.7 ± 7.7 % after 2 d fermentation, corroborating the findings of a previous report (Kato et al., 1985) . These authors reported that the WHC of fermented sausage produced using L. plantarum was approximately 70%. While these WHC values would be sufficient for producing fermented meat products, higher WHC values would be preferable. Since the meat pH influences WHC, and the lowest WHC values are at the isoelectric point of meat (pH5.0 − 5.3), improvements in manufacturing conditions such as changes in the fermentation period may be effective for increasing WHC values.
Strain JAB2001 successfully fermented the meat patty and exhibited a tolerance to bile and simulated gastrointestinal juice. Next, its antagonistic affect against food contaminants was tested. on inhibiting S. aureus in fermented meat products, primarily through controlling factors such as pH, starter cultures, initial number of S. aureus, and bacteriocins (Metaxopoulos et al., 1981 , Sameshima et al., 1998 , Ananou et al., 2005 . In this paper, the inhibition of E. coli and S. aureus was assumed to have occurred as a result of low pH rather than to the secretion of antimicrobial substances such as bacteriocins; this is because neutralized supernatant of strain JAB2001 culture did not inhibit E. coli or S. aureus (data not shown).
Selection of LAB for Fermented Meat Starter
In conclusion, this is the first study to report that L. plantarum JAB2001, which was isolated from fermented sushi products, was capable of growth in meat patty where it successfully suppressed the growth of E. coli and S. aureus. Strain JAB2001 could therefore be used as a starter culture for fermented meat products. In addition, this strain is capable of surviving passage through the gastrointestinal tract. Further investigations examining the effect on intestinal microflora after administration of the fermented meat product in vivo are required.
